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1.  INTRODUCTION 


Segmented  rod  penctraior  technology  has  emerged  as  a  topic  of  interest  to  the  terminal  ballistic 
community  due  to  the  increase  in  normalized  penetration  performance  (P/L,  P  being  depth  of  penetration 
and  L  being  the  compact  penetrator  length)  against  rolled  homogeneous  armor  (RHA)  targets.  One  of  the 
factors  which  has  hindered  the  performance  of  segmented  rod  pcnetrators  at  ordnance  and  slightly  higher 
velocities  has  been  the  large  length  of  residual  segment  material  which  does  not  erode  and  must  be 
impacted  by  the  next  subsequent  segment.  Even  at  moderately  high  velocities  (i.e.,  'hose  in  the  2-km/s 
regime),  evidence  exisLs  that  the  residual  segment  material  still  impedes  penetration  (Hohler  and 
1987;  Raatschen  ct  al.  1987;  Orphal  and  Franzen  1989;  Herbette  1989  ).  Given  this  to  be  the  case,  it 
follows  that  segmented  rod  penetrator  performance  could  be  improved  if  the  segment  material  was 
modified  to  reduce  the  residual  length,  but  only  if  the  same  level  of  segment  P/L  is  maintaired. 
Fortunately,  penetrator  strength  has  been  shown  not  to  influence  the  penetration  performance  of  tungsten 
alloy  penetrators  with  length-to-diameter  (L/D)  ratios  ranging  from  10  to  15  (Meyer,  Behler,  Frank,  and 
Magness  1990).  However,  it  is  unknown  if  this  is  equally  true  for  penetrators  with  much  lower  L/D  ratios. 

Typical  materials  used  for  segmented  rod  penetrators  are  tungsten  alloys.  One  approach  to  pessibly 
reduce  the  length  of  tungsten  residual  material  is  to  reduce  the  compressive  strength  of  the  segment 
material.  Fortunately,  the  tungsten  alloys  used  can  be  processed  such  that  a  variety  of  strengths  can  be 
obtained.  The  experimental  program  documented  within  this  repiort  used  three  different  strength  tungsten 
alloys.  Segments  were  machined  from  each  of  the  three  alloys  to  have  a  L/D  ratio  of  4,  and  each  segment 
was  impacted  into  semi-infinite  RHA  at  a  velocity  of  1.5  km/s.  Only  one  segment  was  impacted  into  each 
target.  The  residual  segment  material  was  removed  from  the  target  after  impact,  measured,  and  then 
compared. 

2.  IMPACT  EXPERIMENTS 

A  total  of  six  shots,  consisting  of  two  shots  for  each  of  the  three  different  strength  alloys,  were  made 
in  the  Army  Research  Laboratory  (ARL)  high-pressure  gun  facility.  Details  of  the  facility  are  given  by 
Baur  and  Nagy  (1979).  The  gun  consists  of  a  nominal  50-mm-dia  by  6-m-travel  smoothbore  pxtwder  gun 
with  a  large-capacity,  high-pressure  prowder  chamber.  The  gun  empties  into  an  impact  chamber  at 
atmospheric  pressure.  The  target  was  located  approximately  4.8  m  from  the  gun  muzzle.  One 


1 


Table  2.  Peneirator  Geometries 


Shot  No. 

1%  Comp.  Yield 
(GPa) 

Mass 

(g) 

Diameter 

(mm) 

Length 

(mm) 

1 

0.717 

385.6 

mmm 

16.225 

2 

0.717 

384.8 

■H 

76.175 

3 

1.0% 

384.8 

■■■ 

76.200 

4 

1.0% 

384.5 

19.065 

76.200 

5 

1.276 

385.2 

19.078 

75.781 

6 

1.276 

385.2 

19.058 

76.035 

Obturator 
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Figure  3.  Recovered  residual  pcnctrators. 
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Figure  8,  Normalized  mushroom  head  diameter  and  impact  crater  diameter  versus  material  strength. 


4.  CONCLUSION 


The  modification  of  segment  strength  had  a  measurable  (albeit  small)  effect  on  residual  material 
length.  Decreasing  material  strength  resulted  in  a  slight  decrease  in  the  length  of  residual  material,  while 
at  the  same  time  slightly  increased  the  diarricter  of  the  mushroom  head  on  the  residual  material  and  the 
percentage  of  residual  length  in  the  mushroom  zone.  This,  in  turn,  resulted  in  an  increase  in  the  crater 
diameter  and  a  decrca.se  in  the  depth  of  penetration.  The  effect  of  penetrator  strength  on  penetration 
performance  differs  from  that  observed  for  penctrators  with  higher  L/D  ratios.  This  discrepancy  is  most 
likely  attributable  to  the  fact  that  the  penetration  behavior  of  high  L/D  penetrators  is  primarily  governed 
by  hydrodynamic  forces  which  do  not  depend  upon  material  strength,  whereas  the  behavior  of  low  L/D 
penetrators  is  entirely  transient  and  does  depend  upon  material  strength.  Based  on  the  observations  of  this 
study,  it  appears  that  segments  made  of  softer  material  are  more  prone  to  plastically  deform  their  material 
laterally  than  to  move  deeper  into  the  target.  Although  the  decrease  in  the  residual  length  was  measurable, 
the  magnitude  was  sufficiently  small  to  preclude  this  approach  as  a  viable  means  for  substantially 
improving  the  terminal  ballistic  performance  of  segmented  rod  penetrators.  This  i.«  reinforced  by  the 
measured  decrease  in  individual  segment  P/L  which  accompanied  the  decrease  in  residual  length. 
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